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[57] ABSTRACT 

An active matrix liquid crystal drive circuit comprising an 
input-signal storage capacitor for storing an analog input 
signal. a di?’erential ampli?er which alternately presents a 
?rst operative state in which the output thereof is returned to 
the inverting input terminal thereof in a negative feedback 
manner and a second operative state in which the output is 
returned to the non-inverting input terminal thereof through 
a polarity inverting output buffer circuit in a negative 
feedback manner. and an output-voltage storage capacitor 
for storing an output voltage of the di?erential ampli?er. In 
the ?rst operative state. the voltage stored in the input-signal 
storage capacitor is applied to the non-inverting input 
terminal. and the output voltage which is returned to the 
inverting input terminal in a negative feedback manner is 

4,439,693 3/1984 Lucas et 327/95 stored in the hold capaciwn In the second opcmtive state‘ the 
‘M79912 10,1988 M9560“: " 327,95 voltage of the output-voltage storage capacitor is applied to 
5,283,477 2/1994 Shibata 345/98 X . . . . the tnvertmg Input temnnal and the output of the bu?er 
5,304,866 4/1994 Uranaka 327/94 X . . . . . . 
5,341,037 8,1994 Mild et a1 _ 327,96 circuit is output as a hqu1d crystal drive voltage. 

5,353,135 10/1994 Edwards 349/34 
5,408,142 4/1995 Takatoti et a1. 327/94 X 6 Claims, 12 Drawing Sheets 
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ACTIVE MATRIX LIQUID CRYSTAL DRIVE 
CIRCUIT CAPABLE OF CORRECTING 

OFFSET VOLTAGE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an active matrix liquid 

crystal drive circuit. and more particularly to a liquid crystal 
drive circuit which drives a thin-?lm transistor ('I'FI‘) liquid 
crystal display through a differential ampli?er. 

2. Description of the Related Art 
FIG. 2 shows a liquid crystal display system including a 

TFT liquid crystal display and a drive circuit for the display. 
Each. pixel. PX. of the TFT liquid crystal display LP consists 
of a liquid crystal device P and a thin-?lm transistor (TFI') 
T. The gates of the TFI‘s of the pixels PXs on the same row 
are connected in common, and are connected to correspond 
ing output terminals G1. . . . . Gm of a gate driver GD. 
respectively. The sources of the TFI‘s of the pixels PXs on 
the same column are connected in common. and are con 
nected to corresponding output terminals S1. . . . . Sm of a 
source driver SD, respectively. The gate driver GD outputs 
gate drive pulse signals whose phases are shifted in 
sequence. while the source driver SD outputs an output 
voltage corresponding to a video signal. 
The internal construction of the source driver is shown in 

FIG. 3. An analog video signal which is input through an 
input terminal IN is sequentially taken into sample hold 
circuits SH21 by means of sampling control signals whose 
phases are shifted in sequence. After the analog signal is 
input to and stored in all the sampling hold circuits, the 
outputs of the hold circuits are input in parallel to differential 
ampli?ers 0PM. The outputs of the differential ampli?ers 
are output from the output terminals OUT‘, . . . . OUT" and 
are given to the TFI‘ liquid crystal display. A desired display 
is performed in the 'I'FI‘ liquid crystal display LP by driving 
the aforementioned gate driver GD and source driver SD in 
a time-division manner. 

FIG. 4 shows the sampling hold circuit SH21 and the 
differential ampli?er 0P2]. which comprise the aforemen 
tioned source driver. In the ?gure. S21 and S22 denote analog 
switches. which are turned on by the input of sampling 
control signals a,- and transmit the input video signals at that 
time to input~signal storage capacitors C21 and C22. respec 
tively. The phases of the sampling control signals a,- have 
been sequentially shifted in correspondence with the sam 
pling hold circuits. S23 and S24 denote analog switches, and 
after video signals have been input to and stored in the 
input-signal storage capacitors C21 or C22 of all the sample 
hold circuits, the switches S23 and S24 are turned on by the 
input of control signals. c. which are output during one 
horizontal period. The signals. stored in the input-signal 
capacitors C2, and C22. are input to a non-inverting input 
terminal (+) of the differential ampli?er OP” The output 
terminal of the di?’erential ampli?er OP21 is connected to the 
inverting input terminal (—) to constitute a voltage follower 
circuit. The output voltage of the differential ampli?er OP21 
is output to the liquid crystal display as an output of the 
source driver SD. 
The reason that in FIG. 4 there are provided two sets of 

an analog switch and a capacitor is that when an output 
based on the accumulated voltage of one capacitor is being 
performed during some horizontal period, a signal voltage 
during the next horizontal period is input to and stored in 
another capacitor. For instance. when an output based on the 
voltage of the capacitor C21 is being performed during some 
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2 
horizontal period. the analog switch S23 is on and the analog 
switches S21 and S24 are olf. Then. the analog switch S22 is 
turned on when the sampling control signals 21,- whose phases 
are shifted in correspondence with the sample hold circuits 
are input. and the input signal voltage at that time is 
transmitted to the capacitor C”. Because an output based on 
the voltage of the capacitor C22 is performed for the next 
horizontal period. the analog switch S24 is turned on and the 
analog switches S22 and S23 are turned off. Also. the analog 
switch S21 is turned on when the sampling control signal is 
input. and the input signal voltage at that time is transmitted 
to the capacitor C21. The aforementioned operations are 
alternately repeated. 
The construction of another sample hold circuit other than 

the sample hold circuit SH21 is shown in FIG. 5. In the 
sample hold circuit of FIG. 4. each of the two capacitors 
serves as a sampling capacitor and a hold capacitor and the 
two capacitors are alternately used for odd horizontal peri 
ods and even horizontal periods. whereas the sample hold 
circuit of FIG. 5 di?ers in that a sampling capacitor C2.’ and 
a hold capacitor C2,’ are separately provided. S21‘ denotes an 
analog switch which is turned on by input of the sampling 
control signal ai so that an input video signal is transmitted 
to the sampling capacitor C21‘. S23‘ denotes an analog switch 
which is turned on by the control signal “b” that is output at 
the time of the start of the horizontal period so that a voltage 
on the sampling capacitor C2,‘ is transmitted to the hold 
capacitor C22‘. 

Either construction requires two capacitors per one out 
put. 

With the circuit of FIG. 4 or 5. an output voltage with the 
same level as an input signal is impedance-converted and is 
output, but if an input offset exists in the dilferential ampli 
?er OP“. then an output voltage whose level has been 
shifted by an amount of the olfset will be output. In addition. 
if the aforementioned input o?’sets are different between the 
di?erential ampli?ers. then the di?erent o?sets as they are 
will become a variation between the output voltages. 

FIG. 6 shows a conventional liquid crystal drive circuit in 
which a circuit for correcting the input offset of the di?'er 
ential ampli?er is provided in view of the aforementioned 
problem. 

In FIG. 6, SH,1 represents a sample hold circuit of the 
same construction as that shown in FIG. 4 or 5. and 0P21 
represents a di?erential ampli?er. This conventional 
example is constructed such that the o?'set of the differential 
ampli?er 0P21 is removed by newly providing an olfset 
voltage storage capacitor CL.3 connected to the inverting 
input terminal (—) of the differential ampli?er 0P21 and 
providing four analog switches 82, to S28 for changing a 
circuit connection. That is. to the non-inverting input termi 
nal (+) of the differential ampli?er OP2 1. there are connected 
the output of the sample hold circuit SH21 and the switch S2s 
which connects the non-inverting input terminal with 
ground. To the inverting input terminal (—) of the differential 
ampli?er 0PM. there is connected the switch S27 which 
connects the differential ampli?er output with the inverting 
input terminal (—) to form a negative feedback circuit 
construction and there is connected one end of a capacitor 
C23 in which the offset voltage of the differential ampli?er 
0P2l is stored. To the other end of the capacitor C23. there 
are connected the switch S26 which connects the capacitor 
C23 with ground and the switch SZ8 which connects the 
di?’erential ampli?er OP21 output terminal with the inverting 
input taminal (—) through the capacitor C23 to form a 
negative feedback circuit construction. 
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Now. the operation of the conventional liquid crystal drive 
circuit shown will be described in reference to FIGS. 7 and 
8. 

Input signals such as video signals are sequentially stored 
in a time-division manner by a plurality of sample hold 
circuits SH)1 incorporated in the liquid crystal drive circuit. 
The respective input signals stored are transmitted to the 
differential ampli?ers OP21 corresponding to the sample 
hold circuits SE21, and the transmitted signals are 
impedance-converted and are output. 
The operation of this conventional circuit becomes a 

circuit construction shown in FIG. 7 by turning the switches 
S2, to S27 on and the switch S28 05. The non-inverting input 
terminal (+) is connected to ground. and an input signal 
voltage to the non-inverting input terminal (+) goes to a 
ground level (0 V). At this time, the o?set voltage of the 
diiferential ampli?er occurs in the output terminal and the 
inverting input terminal (—). and the offset voltage is stored 
in the capacitor C23, connected at one end thereof to the 
inverting input terminal and at the other end to ground. 
Then. by turning the switches S25 to S27 of. the switch S2,; 
on, and the output side switch of the sample hold circuit on, 
the circuit shown in FIG. 6 becomes a negative feedback 
circuit construction such as that in FIG. 8. in which the input 
signal stored in the capacitor of the sample hold circuit is 
transmitted to the non-inverting input tenninal of the dif 
ferential ampli?er and the inverting input terminal is con 
nected to the output terminal through the capacitor C23 
where the offset voltage has been stored. 
With the above arrangement. there is performed a nega 

tive feedback operation. That is. the potential of the input 
signal transmitted to the non-inverting input terminal by the 
sample hold circuit SH;u becomes equal to the potential on 
the inverting input terminal. In practice a potential difference 
of the offset voltage of the differential ampli?er occurs 
across both the input terminals, and the circuit becomes 
stable. At this time. in the output terminal of the differential 
ampli?er, the offset voltage stored in the capacitor C2,, 
connected between the output terminal and the inverting 
input terminal, is subtracted ?'om the non-inverting input 
terminal voltage, and consequently. the offset voltage in 
each di?erential ampli?er is corrected. 

In the aforementioned conventional liquid trystal drive 
circuit, the input signals are stored in a time-division manner 
by a plurality of sample hold circuits. and the stored input 
signals are output to the pixels of the liquid crystal panel by 
a plurality of differential ampli?ers. respectively. For this 
reason. as a means for correcting the offset voltages of the 
differential ampli?ers and reducing ?uctuations of the out 
puts of a plurality of output circuits, each circuit is con 
structed such that the o?’set voltage that occurs in the 
differential ampli?er of each output circuit is stored in a 
capacitor to correct the output voltage with respect to the 
non-inverting input. Therefore. the capacitor for storing and 
correcting the offset voltage becomes necessary for each 
output circuit, and a liquid crystal drive circuit uses a 
plurality of output circuits. as shown in FIG. 3. The number 
of the output circuits is usually about 100 to 300, and an 
increase in the area of an integrated circuit by the capacitors 
causes a cost increase. The o?’set voltage occurs because of 
the ?uctuations of the circuit constructions of the differential 
ampli?ers and the ?uctuations of element characteristics. 
and the voltage width of the otfset voltage varies at any time 
in correspondence with the input voltage level. Therefore, in 
an offset correction means such as the conventional circuit 
in which the o?’set voltage correction is made by the setting 
of switches when the input signal voltage is ?xed to the 
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ground level (0 V). the oifset voltage correction cannot be 
made in correspondence with a variation in the input voltage 
level. 

SUNIMARY OF THE INVENTION 

The present invention has been made in order to solve 
problems such as described above. Accordingly, it is the 
objective of the present invention to realize an active matrix 
liquid crystal drive circuit which is capable of correcting an 
offset voltage in correspondence with an input voltage level 
in an operating range and is provided with a function of 
reducing the ?uctuations of the outputs of a plurality of 
output circuits. at low cost without increasing the area of the 
integrated circuit. 
The above object is accomplished in accordance with one 

aspect of the present invention by providing an active matrix 
liquid crystal drive circuit which comprises: a sampling 
capacitor for storing an analog input signal; a buffer circuit 
for inverting a polarity of an input signal thereof; a di?ier 
ential ampli?er having an inverting input terminal, a non 
inverting input terminal and an output terminal connected to 
an input of said bu?'er circuit; a hold capacitor connected to 
said inverting terminal of said differential ampli?er; and 
switching means, in a ?rst operative state, for connecting 
said sampling capacitor with said non-inverting input ter 
minal and connecting said output of said differential ampli 
?er with said hold capacitor, and in a second operative state. 
for disconnecting said sampling capacitor with said non 
inverting input terminal and connecting an output of said 
bu?ier circuit with an output ta-minal of said liquid crystal 
drive circuit. 
The foregoing object is also accomplished in accordance 

with another aspect of the present invention by providing an 
active matrix liquid crystal drive circuit which comprises: a 
sampling capacitor for storing an analog input signal; a 
bu?’er circuit for inverting a polarity of an input signal 
thereof; a differential ampli?er having an inverting input 
terminal, a non-inverting input terminal and an output ter 
minal connected to an input of said buffer circuit; a hold 
capacitor connected to said non-inverting terminal of said 
differential ampli?er; and switching means. in a ?rst opera 
tive state, for connecting said sampling capacitor with said 
inverting input terminal and connecting an output of said 
buffer circuit with said hold capacitor, and in a second 
operative state, for disconnecting said sampling capacitor 
with said inverting input terminal and connecting said output 
terminal of said differential ampli?er with an output terminal 
of said liquid crystal drive circuit. 

According to the present invention, there is no need of 
providing another capacitor for correcting an offset voltage 
in addition to a hold capacitor and a sampling capacitor. 
since the hold capacitor serves as a capacitor for correcting 
an offset voltage. Therefore. in integration to a chip. the size 
of the chip is not increased. Further, it is enable to correct an 
offset voltage in accordance with an input voltage level. 

Consequently. it is possible to provide a liquid crystal 
drive circuit having high accuracy, high stability and high 
display quality with low cost. 

Fln'ther objects and advantages of the present invention 
will be apparent from the following description of the 
preferred embodiments of the invention as illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing a ?rst embodiment of 
the present invention; 
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FIG. 2 is a block diagram showing a liquid crystal display 
system; 

FIG. 3 is a block diagram showing the source driver of 
FIG. 2; 

FIG. 4 is a schematic view showing the sample hold 
circuit and the ditferential ampli?er which constitute the 
source driver; 

FIG. 5 is a schematic view showing another construction 
of the sample hold circuit; 

FIG. 6 is a schematic view showing a conventional liquid 
crystal drive circuit; 

FIG. 7 is a diagram used to explain the operational 
principles of the liquid crystal drive circuit of FIG. 6; 

FIG. 8 is a diagram used to explain the operational 
principles of the liquid crystal drive circuit of FIG. 6; 

FIG. 9 is an internal equivalent circuit diagram of the 
di?erential ampli?er used in the liquid crystal drive circuit 
of the present invention; 

FIG. 10 is a diagram used to explain the operational 
principles of the liquid crystal drive circuit of FIG. 1; 

FIG. 11 is a diagram used to explain the operational 
principles of the liquid crystal drive circuit of FIG. 1; 

FIG. 12 is a timing chart used to explain the operational 
principles of the liquid crystal drive circuit of FIG. 1; 

FIG. 13 is a schematic view showing a second embodi 
ment of the present invention; 

FIG. 14 is a schematic view showing a third embodiment 
of the present invention; 

FIG. 15 is a schematic view showing a fourth embodiment 
of the present invention; 

FIG. 16 is a schematic view showing a ?fth embodiment 
of the present invention; and 

FIG. 17 is a schematic view showing a sixth embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention will 
hereinafter be described in reference to the accompanying 
drawings. 

FIG. 1 shows a ?rst embodiment of the present invention. 
One of the output terminals of a source driver is shown, and 
the same circuit construction is provided every output ter 
minal. 
The active matrix liquid crystal drive circuit of this 

embodiment. as shown in FIG. 1, is provided with an 
input-signal storage capacitor C11 for storing an input signal 
in a time-division manner. a time-division storage control 
switch S11 for performing time-division control of input 
signal storage. a di?ierential ampli?er OP11 for impedance 
converting and outputting the input signal stored in the 
input-signal storage capacitor C11. an output voltage storage 
capacitor C12 for storing an output voltage in a primary 
operation including an oifset voltage of the diiferential 
ampli?er OP“. and a current source I11 and an NMOS 
transistor N1, which constitute an output-polarity inverting 
buffer circuit OB 1 1 for switching a construction of a negative 
feedback circuit including the diiferential ampli?er OP“. 

Reference character IN denotes an input terminal for 
inputting an analog signal V,-. OUTi denotes an output 
terminal for outputting a liquid crystal drive circuit output 
V0 to the liquid crystal panel. Vl denotes a terminal voltage 
on the inverting input terminal P1 of the differential ampli?er 
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OP11 that is returned in the primary operative state from the 
output of the differential ampli?er, and V2 denotes a terminal 
voltage on the non-inverting input terminal P2 of the differ 
ential ampli?er OP11 that is returned in the secondary 
operative state from the output of the differential ampli?er 
through the output-polarity inverting bu?er circuit OB 1 1. 

Note that the di?’erential ampli?er 01:‘11 can be constituted 
by PMOS transistors l1‘l1 to P13. NMOS transistors N11 to 
N“. and a switch S13. as shown in FIG. 9. 

Now. the operation of the differential ampli?er will be 
described with FIG. 9. 

FIG. 9 shows the basic internal circuit of the di?‘erential 
ampli?er OP11 used in this embodiment. For the operation of 
the di?‘erential ampli?er OP1 1, the current ?owing through 
the transistor N11 is controlled by the non-inverting input 
terminal P2. and the current ?owing through the current 
mirror circuit constituted by the transistors N12. P11. and P12 
is controlled by the inverting input terminal P1. thereby 
changing the current that ?ows through the output transistor 
P13. More speci?cally, when the input voltage on the non 
inverting input terminal P2 is higher than that on the invert 
ing input terminal P1. the current which ?ows through the 
output transistor P13 is increased. When. on the other hand. 
the input voltage on the non-inverting input terminal I’2 is 
lower than that on the inverting input terminal P 1 . the current 
which ?ows through the output transistor P13 is decreased. 
The current that ?ows through the output transistor P13 is 
compared with a load cm’rent that ?ows through the tran 
sistor N14 to which a bias voltage N‘,2 is input. and the output 
voltage is changed. By connecting this output section to the 
inverting input terminal P1. the negative feedback operation 
is performed so that the voltage on the non-inverting input 
terminal P2 and the voltage on the inverting input terminal 
P1 become equal to each other. 

Next. the operation of the circuit in this embodiment will 
be described in detail. 
The liquid crystal drive circuit in the present invention is 

constructed such that an analog signal such as a video signal 
is input as an input signal. the input signal is stored in a 
time-division manner. the stored input signal is impedance 
converted by the output circuit. and then the converted 
signal is output in correspondence with each of the pixels on 
the horizontal line of the liquid crystal panel. Thus. the basic 
circuit operation is the same as the conventional circuit 

In this embodiment of the present invention. a plurality of 
switches in the liquid crystal drive circuit which are equiva 
lent to the switch S1 1 are tinned on for a ?xed period by a 
time-division operation. and an input signal Vi is sequen 
tially stored in a plurality of capacitors corresponding to the 
switches in a time-division manner. After the input signal V, 
has been stored in all the capacitors. the stored input signals 
V,- are simultaneously transmitted to the input terminals P2 
of the di?’erential ampli?ers through a plurality of switches 
equivalent to the switch S12. As this occurs. the negative 
feedback construction of the diiferential ampli?er is in the 
primary operative state in which the switches S 12 and S 13 are 
on and the switches S14 and S15 are 0E. and becomes a 
circuit connection shown in FIG. 10. 

Since in the primary operative state there has been formed 
the negative feedback circuit in which the inveru'ng input 
terminal P1 and the output terminal P3 are connected. as 
described above. an o?'set voltage V0” which occurs in the 
di?‘erenlial ampli?er is stored in the hold capacitor C12 
connected at one end thereof to the inver1ing input terminal 
P1 and at the other end to ground. and at this time. the 
following equations are established: 
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(Eq- 2) 

Thus. the voltage VC12 of the capacitor C12 becomes a 
voltage reduced by an amount of the offset voltage from the 
input signal V,- time-divided by the sample hold circuit. 

Next, the negative feedback circuit construction goes to 
the operative state in which the switches S12 and S13 are o?“ 
and the switches S14 and 815 are on, and becomes a circuit 
connection shown in FIG. 11. 

Because. in the diiferential ampli?er in the secondary 
operative state, the negative feedback circuit is constructed 
through the output-polarity inverting buffer circuit OB11 
constituted by the current source I11 and the NMOS tran 
sistor N15, the output polarity is switched between the 
di?erential ampli?er output in the primary operative state 
and the output through the output-polarity inverting bulfer 
circuit in the secondary operative state. The input signal 
voltage Vc12 including the o?set voltage, stored in the 
primary operative state in the capacitor C12. is again output 
to the horizontal line pixel of the liquid crystal panel as an 
output voltage Vo by the output terminal OUTi through the 
differential ampli?er. As this occurs, between the voltage 
Vcl2 of the capacitor C12 stored during the aforementioned 
primary operative state and the output voltage V0 of the 
liquid crystal drive circuit, there is established the relation 
ship expressed by the following equations: 

It is found from Bqs. 2 and 4 that the input signal V,- and 
the output voltage V2 are equal to each other. Accordingly, 
in the present invention, the offset voltages of a plurality of 
differential ampli?er incorporated in the liquid crystal drive 
circuit are correded independently of the input voltage level. 
As a result. the reduction in the ?uctuations of the output 
voltages in a plurality of output circuits. the reduction in the 
area of an IC, and a decreased cost become possible. 
The timing chart of FIG. 12 shows the relationship 

between the input signal V,, the control signal ai of the 
switch S n, the control signal “b” of the switches S12 and 
S13. the control signal "c” of the switches S14 and S15, and 
the output signal V0, in the aforementioned operation. 

FIG. 13 illustrates the construction of a second embodi 
ment of the present invention. 
The point of di?'erence with the aforementioned ?rst 

embodiment resides in the construdion of an output-polarity 
inverting buffer circuit 013 1 I‘. and the output-polarity invert 
ing bu?er circuit OB 11' in this embodiment is constituted by 
a PMOS transistor P15 and a current source In. The current 
source I ,2 comprises an NMOS transistor N16 where the gate 
thereof is given a predetermined bias voltage V“. The other 
constructions and operations are the same as the ?rst 
embodiment. 

FIG. 14 illustrates the construction of a third embodiment 
of the present invention. 
The point of di?ierence with the aforementioned ?rst 

embodiment is that an input signal is input to the inverting 
input terminal of a differential ampli?er OPH'. Therefore, in 
the primary operative state, there is constructed a negative 
feedback circuit leading from the output of the di?erential 
ampli?er through an output-polarity inverting bu?er circuit 
OB11 and an analog switch S13‘ to the non-inverting input 
terminal of the differential ampli?er OP1 1‘. In the secondary 
operative state. the voltage of an output-voltage storage 
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capacitor C12 is input to the non-inverting input terminal of 
the ditferential ampli?er OPn', and there is constructed a 
negative feedback circuit leading from the output of the 
diiferential ampli?er through analog switches S15‘ and S14’ 
to the inverting input terminal of the di?‘erential ampli?er 
OP1 1'. The output of the differential ampli?er OPn' is output 
as a liquid crystal drive voltage. 

FIG. 15 illustrates the construction of a fourth embodi 
ment of the present invention. 

This embodiment is a variation of the aforementioned 
third embodiment, and the location of the analog swim S14’ 
ditfers. 

FIG. 16 illustrates the construction of a ?fth embodiment 
of the present invention. 

This embodiment is another variation of the aforemen 
tioned third embodiment, and the construction of the output 
polarity inverting buifer circuit 0311' di?ers. 

FIG. 17 illustrates the construction of a sixth embodiment 
of the present invention. 

This embodiment is a variation of the aforementioned 
fourth embodiment, and the construction of the output 
polarity inverting buifer circuit 013"‘ differs. 

While the present invention has been described with 
reference to speci?c embodiments thereof. the invention is 
not limited to the aforementioned embodiments. and numer 
ous variations and modi?cations may be constructed without 
departing from the scope of the present invention. For 
example. although in the aforementioned embodiments the 
MOS transistors have been used to constitute the switches 
and the differential ampli?ers, the invention is not limited to 
the MOS integrated circuits, and J-FEI‘ transistors and 
bipolar transistors may be used within arange in which there 
is no interference in the operation of the liquid crystal drive 
circuit. In addition, although in the foregoing description the 
present invention has been applied to the active matrix liquid 
crystal drive circuit, the invention is not limited to the ?eld 
of utilization and it may be applied to various kinds of 
circuits and apparatuses provided with controllable diifer 
ential ampli?ers. 
Many widely different embodiments of the present inven 

tion may be constructed without departing from the spirit 
and scope of the present invention. It should be understood 
that the present invention is not limited to the speci?c 
embodiments described in the speci?cation. except as 
de?ned in the appended claims. 
What is claimed is: 
1. An active matrix liquid crystal drive circuit comprising: 
a sampling capacitor for storing an analog input signal; 
a buffer circuit for inverting a polarity of an input signal 

thereof; 
a ditferential ampli?er having an inverting input terminal. 

a non-inverting input terminal and an output terminal 
connected to an input of said bulfer circuit; 

a hold capacitor connected to said inverting terminal of 
said ditferential ampli?er; and 

switching means. in a ?rst operative state. for connecting 
said sampling capacitor with said non-inverting input 
terminal and connecting output terminal of said ditfer 
ential ampli?er with said hold capacitor. and in a 
second operative state, for disconnecting said sampling 
capacitor with said non-inverting input terminal and 
connecting an output of said buffer circuit with an 
output terminal of said liquid crystal drive circuit. 

2. An active matrix liquid crystal drive circuit according 
to claim 1. wherein said buffer circuit includes a current 
source and a NMOS transistor. 
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3. An active matrix liquid crystal drive circuit according minal and connecting said an output of said buffer 
to claim 1. wherein Said diiferell?al ampli?er includes a circuit with said hold capacitor, andin a second opera 
PMOS transistor. a NMOS transistor and a switch. ?ve state‘ for discouneqing said Sampling capacitor 

4. An active matrix liquid crystal drive circuit comprising: with Sal-d invcr?ng input terminal and conncc?ng said 
a sampling capacitor for storing an analog input Signal; 5 output terminal of said di?erential ampli?er with an 
a butfer circuit for inverting a polarity of an input signal output terminal of said liquid crystal drive circuit. 

thereof; 5. An active matrix liquid crystal drive circuit according 
a ditferential ampli?er having an inverting input terminal. to claim 4. wherein said bu?er circuit includes a current 

a non-inverting input terminal and an output terminal 10 some‘; and a PMOS msiston 
connected to an input of said buffer circuit; 6. An active matrix liquid crystal drive circuit according 

a hold capacitor connected to said non-inverting terminal to claim 4, wherein said dilferential ampli?er includes a 
of Said differellll'al ampli?er; 811d PMOS transistor. a NMOS transistor and a switch. 

switching means, in a ?rst operative state, for connecting 
said sampling capacitor with said inverting input ter- * * * * * 


